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The Maxwell’s eigenvalue problem is an important part of computational electro-
magnetics. The main work of the research report is to investigate the fast and efficient
numerical methods for the Maxwell’s eigenvalue problem. In terms of the differences in
basis functions the work consists of the two part. The first part is about the higher-order
mixed spectral element method, and the second part is the mixed finite element method
including the mass-lumping mixed finite element method and the mixed finite element
method with the impedance transmission boundary condition. The first part contains the
following two issues:
1. We propose the mixed spectral element method by employing the Kikuchi’s mixed
weak form which includes the divergence-free condition given by Gauss’ law to solve the
two dimensional and three dimensional vector Maxwell’s eigenvalue problem with inho-
mogeneous, lossy isotropic, and anisotropic media. It utilizes Gauss-Lobatto-Legendre
(GLL) polynomials to construct the vector curl-conforming basis functions for the elec-
tric field and the completely continuous nodal basis functions for the auxiliary variable.
A rigorous analysis of the convergence of the mixed SEM for the two dimensional problem
is presented, based on the higher order edge element interpolation error estimates, which
fully confirms the robustness of our method. numerical examples are given to verify that
the mixed SEM is free of any spurious eigenmodes and has spectral accuracy with analytic
eigenvectors.
2. For the 2.5-D waveguide problem, we develop the mixed spectral element method
based on the tangential part of Helmholtz equation and the Gauss’ law. Note that the
mass-lumping technique can be performed when the Gaussian quadrature is used to ob-
tain the mass matrix for the longitudinal part. Thus, only a smaller scale eigenvalue
problem needs to be solved for the unknowns associated with the transversal components
of the electric field, and the smaller eigenvalue equation speeds up the computation. Sev-
eral numerical examples with lossy, anisotropic media and PML are given to verify that
the mixed SEM has the spectral accuracy with the propagation constant and the high
computational efficiency.















be most likely to achieve one of the next generation of integrated optical circuit device.
Since the capability of subwavelength bound of the SPP waveguides, they have become
the focus in the micro-nano optical waveguide in recent years. In order to efficiently and
accurately analyze the optical response of plasmons, we propose the mixed finite-element
method with mass lumping and the mixed finite element method with the impedance
transmission boundary condition for graphene plasmonic waveguides. The contents of the
second part are:
1. The mixed finite-element method with mass lumping is based on the tangen-
tial part of Helmholtz equation and the Gauss’ law, and employ the modified nodal-based
scalar basis functions for the longitudinal component. The smaller scale generalized eigen-
value problem is obtained by employing the mass lumping technique. Numerical examples
verify that the mixed finite-element method with mass lumping has the higher efficiency
than the conventional mixed finite element method.
2. For the graphene plasmonic waveguides problem, an extremely fine mesh as well as
high costs of CPU time and memory are needed for the one-atom thickness of the graphene
sheets. We propose the mixed finite element method with the impedance transmission
boundary condition for graphene plasmonic waveguides, the graphene sheet is replaced
by a one-dimensional line for efficient calculation. Numerical results on some designed
graphene-based waveguides clearly demonstrate that the proposed method can keep the
FEM accuracy but with less computational costs.
Key words: Maxwell’s eigenvalue problem; spurious mode; mixed spectral element
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